Analogs of alternating purine-pyrimldine DNA polymers such as poly(dAdT)-poly(dA-dT) can be made with phosphorothloate groups in the DNA backbone. A phosphorothioate diester at the 5'-purine-pyrimidine-3' step causes a significant lowering of the polymer's melting temperature compared to a phosphorothioate diester at the 5'-pyrimidine-purine-3' step. This may occur because sulfur substitution increases anionic charge density in the DNA minor groove and 5'-purine-pyrimidine-3' steps narrow the minor groove. The ability to modulate charge density in the DNA backbone via sulfur substitution should prove useful in studies of sequence-dependent conformational changes in DNA.
INTRODUCTION
Alternating purine-pyrimidine DNA polymers can adopt alternating, non-15 DNA conformations. The Z DNA helices adopted by poly(dG-dC)-poly(dG-dC) and poly(dG-dT)-poly(dA-dC) sequences are the most extensively studied members of this family, but there is evidence to suggest that the sequence poly(dA-dT)-poly(dA-dT) also can form an alternating structure. phosphates. Similarly, the C NMR spectrum of poly(dA-dT)-poly(dA-dT) suggests the purine sugars have a slightly different conformation than that of the pyrimidine sugars.
The alternating structure of poly(dA-dT)-poly(dA-dT) which these biochemical and spectroscopic probes detect is not known with certainty. An alternating B structure with mixed sugar puckers was proposed based on the crystal structure of a d(ATAT) 8 salt, however, a 2D NOE X H NMR study of poly(dA-dT)-poly(dA-dT) was not consistent with this model and instead was C IR L Press Limited, Oxford, England.
q interpreted as supporting a right-handed B conformation. Raman studies also indicate predominately C2'-endo sugar pucker in this polymer. From fiber diffraction studies a wrinkled B DNA structure was put forward in which the purlne-pyrimidine steps of alternating purine-pyrimidine DNAs were similar to B DNA but the pyrimidine-purine steps were in an altered conformation, particularly the torsion angle around the C3'-03' bond.** Finally, using *H NMR NOE measurements on poly(dA-dT)-poly(dA-dT) under conditions slightly different from the other *H NOE experiment, poly(dA-dT)-poly(dA-dT) was assigned a structure consisting of 301 right-handed and 70Z left-handed B DNA units. 12 However, this evidence for left-handed structures could arise from spin diffusion during the NOE experiment. The helical periodicity of poly(dA-dT) segments measured using the band shift method is inconsistent with poly(dA-dT)-poly(dA-dT) having a left-handed structure.*-'
In this paper we describe how substitution of phosphorothioate for phosphate groups in the DNA backbone can be used to modulate the charge distribution along the DNA backbone. The resulting changes in melting temperature can be correlated with alternating, sequence-dependent conformations in poly(dA-dT)-poly(dA-dT).
MATERIALS AND METHODS
The hemithiopolymers poly d(AsT) and poly d(TsA) were prepared as described earlier, except hemithiopolymers were used as templates in the polymerization reactions. ^ P NMR spectra were as expected for these polymers.
Sonicated DNA fragments (100-300 bp) were passed through a Bio-Gel P-6DG column with distilled water, lyophilized and dissolved in 25mM tris-HCl, pH 7.4 buffer with added alkali metal cations at the indicated molarity. propeller twist since this brings the purine bases together across the major groove, where there is enough room to avoid a purine-purine interstrand clash. However, a 5'-pyrimidine-purine-3' base pair step will have a lessened propeller twist since for this step the purines close into the minor groove where they quickly experience steric hindrance. The principles of sequence effects on DNA structure which we have used here were developed from an analysis of relatively short oligonucleotides in molecular crystals. Nevertheless, they can be used to explain the properties of high molecular weight DNA polymers in solution. It seems likely the sequence-dependent structural variations observed in the oligonucleotide crystals reflect intrinsic properties of DNA duplexes and are little affected by crystal packing forces or end effects.
